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. , u ( ,
$\phi$ )
$\frac{D}{Dt}\phi\equiv\frac{\partial\phi}{\partial t}+(u\cdot\nabla)\emptyset=\kappa\nabla^{2}\emptyset$ (1)
(\mbox{\boldmath $\kappa$} , $D/Dt$ ) u
\mbox{\boldmath $\phi$} $(u\cdot\nabla)$ . multiplicative




. , $\mathrm{G}.\mathrm{I}$ Taylor(1921)
, , $t$ t’
$\triangle x(tt)’,\equiv x(t’)-x(t)=\int_{t}^{t’}v(S)\mathrm{d}s$ (2)
,
$\triangle_{ij}(t’, t)\equiv<\triangle x_{i}(t’, t)\triangle x_{j}(t’, t)>=\int_{t}^{t’}ds\int_{t}\iota’ds’<v_{i}(s)vj(s’)>$ (3)
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. ( ) , $x.(s),$ $v(s)$ $s$
.
, ij(t’, $t$ )
$<v_{i}(S)v_{j}(s’)>$ .
,
$\text{ }$ , . , –
. ,
, (i) , (ii)
, . ,
. , II ,





u $<u>=U$ , $\tilde{u}$ ,
$u=U+\tilde{u}$ , $<\tilde{u}>=0$ , $\nabla\cdot u=0$ (4)
. , U u\tilde
, $U$ $U$
1 . , $0$ ( )
$0$ . $\cdot$ , 1
U
$U=$ ( $Sx_{3},0,$ C.) (5)
. , $S$ .
$t$ x(t)
$\frac{dx(t)}{dt}\equiv v(t)=u(x(t), t)=U(x(t))+\tilde{u}(X(t), t)$ (6)
. $0$ x $=0$ , (6) $t$
$\triangle x(t, 0)=x(t)$ \triangle ij(t, $0$ ) $=<x_{i}(t)x_{j}(t)>$ (2), (3)
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. , $t$ ,
$<x_{1}^{2}(t)> \sim 2S^{2}\int_{0}^{t}(t-s)<x_{3}^{2}(S)>ds$ ,
$<x_{3}^{2}(t)>= \int_{0}^{t}\int_{0}t)<\tilde{v}_{3}(s\tilde{v}3(S’)>dsds’$ ,
( Monin&Yaglom(1975) ). , $<\tilde{v}_{i}(s)_{\tilde{V}(S’)}j>$
, $<\tilde{v}_{i}(s)\tilde{v}j(s’)>\equiv<$
$\tilde{u}_{i}(x(S), S)\tilde{u}_{j}(X(S)’, s’)>$ .
, . ,
, $<\tilde{v}_{\mathit{3}}(s)_{\tilde{V}}\mathit{3}(s+\tau)$ > $s$ –
. ( , Monin&Yaglom .)
, $t$ $<x_{\mathit{3}}^{2}(t)>\infty t$ ,
$<x_{1}^{2}.(t)>\infty t^{\mathit{3}}$ (7)
. , $\propto$ ,
.
, .
, – , ,
.
, – (frozen
) u\tilde . , $r=x(s+\mathcal{T})-X(S)$ $<\tilde{v}_{\mathit{3}}(s)\tilde{v}_{\mathit{3}}(S+\tau)>=<$
$\tilde{u}_{\mathit{3}}(0,0)\tilde{u}_{\mathit{3}}(r, \mathrm{o})>$ , . $0$
, $<x_{\mathit{3}}^{2}(S)>$ , $s$ $s’=s+\tau$
U Sx3
. , r $=x(s+\tau)-x(s)$ \tau $s$
, $<\tilde{v}_{3}(s)\tilde{v}_{3}(S+\tau)>$ ,
, Kraichnan(1970) Kine-






$<x_{3}^{2}(t)>\infty t^{\alpha}$ , $<x_{1}^{2}(t)>\infty t^{\beta}$ , $(0<\alpha<1, 2<\beta<3)$ , (8)
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. (7) - .
(1) \mbox{\boldmath $\phi$}(x, $t$ ) (
) $<\phi>$
(1) , (4), (5) ,
$\frac{\partial<\emptyset>}{\partial t-}+(U\cdot\nabla)<\phi>=-\nabla\cdot<\tilde{u}\phi>$
( , ) .
$< \tilde{u}_{i}(x, t)\emptyset(X, t)>=-D\frac{\partial<\phi(x,t)>}{\partial x_{i}}$
( $D$ ) , ,
$<x_{i}^{2}> \equiv\int x_{i}^{2}<\phi(x, t)>d^{3}x$
$<\triangle x_{1}^{2}>\infty t^{3}$ , $<\triangle x_{\mathit{3}}^{2}>\infty t$,
. ( Pasquill &Smith(1983) ). , (7)
– , (8) .
III.
g ( ) .
, , ,




$L_{33}(s, S+\tau)\equiv<v_{3}(s+\tau)v_{3}(s)$ > ( $s$
) , $L_{33}$ \tau L $\tau$ $L_{33}$
, (3) $t\gg\tau_{L}$ ,
$\triangle_{33}(t, 0)\sim 2\kappa_{3}t$
. $x_{\mathit{3}}$ - $g$ , $\kappa_{3}$





(9) , – ,
u’3
. , (9) \mbox{\boldmath $\kappa$}3 $u_{\mathit{3}}’$
.
(9) $-$ , T3
.
, , u’H




. (10) $\kappa_{3}$ u’H . Vincent,
Michaud&Meneguzzi (1996) – . $u_{H}’$





. , – $\mathrm{d}\overline{\rho}/\mathrm{d}x_{\mathit{3}}$
, Boussinesq
$\frac{\partial u}{\partial t}+(u\cdot\nabla)u=-\nabla\frac{p}{\rho 0}-\tilde{\rho}i_{3}+\nu\nabla^{2}u$,
$\frac{\partial\tilde{\rho}}{\partial t}+(u\cdot\nabla)\tilde{\rho}=\kappa\nabla^{2}\tilde{\rho}+N^{2}u_{3}$,
$\nabla\cdot u=0$ ,
– . , $\iota\ovalbox{\tt\small REJECT},p$
, \rho \tilde \rho -(x3) \rho ’ $\tilde{\rho}=g\rho’/\rho_{0},$ $\rho 0$ , $N$
$N^{2}=-(g/\overline{\rho}_{0})(\mathrm{d}\overline{\rho}/\mathrm{d}_{X_{3}})$ Brunt-V\"aisfal . Boussinesq
, , Brunt-V\"ais\"al\"a N
, .
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Hanazaki&Hunt(1996) (Rapid Distortion $\mathrm{T}\mathrm{h}\mathrm{e}\mathrm{o}\mathrm{r}\mathrm{y};\mathrm{R}\mathrm{D}\mathrm{T}$ ) –
. RDT –
, . , \nu
( ) \mbox{\boldmath $\kappa$} , $Pr=1$
, $(t=0)$ , RDT
$R_{33}(t, 0) \equiv<u_{3}(x, t)u_{3}(x, \mathrm{o})>=\int \mathrm{d}ke^{-\nu k^{2}}\hat{R}t(k, 0)\cos(Nt\sin\theta)\mathit{3}3$ (11)
. $u_{3}(x, t)\#\mathrm{h}$ x3 x , $\hat{R}_{33}(k, 0)$
$<u_{\mathit{3}}(x+r, 0)u_{3}(X, \mathrm{o})>$ $r$ , $k$ ,
$\theta$ -g $k$ . (11) \theta –
$I(t)= \int_{0}^{1}f(\xi)\cos(Nt\xi)d\xi$
. \xi $=\sin$ \theta , $f$ $\hat{R}_{33}(k, 0)$
. , $\xi=0$ $f(\xi)\sim\xi^{n}$ , $I(t)$ \nu $0$ , $t$
$\vee C^{\backslash \backslash }$
$I(t)\propto t-(n+1)$ (12)
.
(11) $R_{3\mathit{3}}(t, 0)$ \nu $0$ .
, $k$ , $k$ \theta
, . ,





. , $b$ $0$ , $\cos bt$









RDT , N DNS ,
,
. N , $t$ $<x_{3}^{2}(t)>$
$1/N^{2}$ . $\cdot$ Kimura&Herring(1996)











. , $v(X, t_{0}; t+t_{0})$ $t_{0}$ x
+t , $t$
$v(_{X,t_{0}};t+t \mathrm{o})=\sum_{n}\frac{t^{n}}{n!}v^{(}(n))X$ (13)
. , ( $t_{0}$ $\sigma.$) $n$ .
$t’=t$ – the $v(x, t^{;};t)$ u(x, $t$ )
. (13) , , $R_{L}$
$R_{L}(t+t_{0},$ $t_{0)}\equiv<v(x, t_{0;t}+t_{0})\cdot v$ ( $x,$ to; $t_{0}$ ) $>= \sum_{n}\frac{t^{n}}{n!}C_{L}^{n}$ (14)
. ,
$c_{L}^{n}\equiv<v^{(n)}(x)\cdot u(_{X,t_{0})}>$
. $c_{L}^{(n)}$ $n=0$ $n=N$ , Pad\’e
$R_{L}(t+t_{0}, t_{0)}\approx P_{[K/M]}(t)\equiv P_{K}(t)/P_{M}(t)$ (15)
160
. , $P_{I}(t)$ $t$ I , K+M=N .
, , $t=0$ $v(X, t_{0;t}\mathrm{o})=u(X, t0)$
v( .
; ( ,
, , , ,
) , v(n)
$n=0,1,2,$ $\ldots$ .
, Pad\’e (15) DNS
, Pad\’e $N=6$ DNS (Kaneda,
Gotoh&Ishihara(1998) $)$ .
Pad\’e ,
$R(r,.\tau;x, t)\equiv<v(x+r, t+\tau)\cdot v(x, t)>$
. $R_{ij}(r, \tau;X, t)$ $r$ $\hat{R}_{ij}(k, \mathcal{T})$
( (X, $t$ ) ), (14) $t$
$\hat{R}(k, \mathcal{T})=\sum_{n}\frac{\tau^{n}}{n!}\hat{C}_{L}^{n}(k)$ (16)
, (14) (13) Pad\’e .
DNS , - Pad\’e
Pad\’e DNS -
( [3]).
, , (13) v(n)(x)
, ,
. , (16) \tau $0$
2 $\hat{c}^{0}(k)/\hat{c}^{(2)}(k)\equiv\tau_{L}^{2}$ $\tau_{L}$ \tau
$\hat{R}(k, \tau)$ ,
. – DNS ( 512 )
, $k$
$\tau_{L}\propto k^{-2/3}$ , -





( , , , ,
) , The Third
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